1. Introduction
===============

Hepatocellular carcinoma (HCC), the 5^th^ most common malignancy in males and the 7^th^ most common malignancy in females, accounts for the second major cause of cancer-related mortality with a rising incidence worldwide.^\[[@R1],[@R2]\]^ Chronic hepatitis B (CHB) is a well-known primary cause of HCC, especially in sub-Saharan Africa and east Asia, and accounts for \>50% of newly diagnosed HCC cases.^\[[@R3]\]^ A recent systematic review estimated that \>240 million people around the world are carriers of the hepatitis B surface antigen (HBsAg).^\[[@R4]\]^ Therefore, methods to recognize CHB patients with a high incidence of HCC are urgently needed.

Although liver biopsy is regarded as the most reliable method for hepatic fibrosis assessment, potential complications of liver biopsy have spawned many noninvasive indices. The fibrosis-4 (FIB-4) index, first introduced by Vallet-Pichard et al^\[[@R5]\]^ to evaluate the degree of hepatic fibrosis in patients with chronic hepatitis C (CHC), is calculated by a simple formula based on age, alanine aminotransferase (ALT) levels, aspartate aminotransferase (AST) levels, and platelet (PLT) counts. Subsequent studies have proven that the FIB-4 index is able to identify liver fibrosis not only in patients with CHC but also in patients with various hepatic diseases, such as non-alcohol fatty liver disease and CHB, with acceptable sensitivity and accuracy.^\[[@R6],[@R7]\]^ The gamma-glutamyl transpeptidase (GGT)-to-platelet ratio (GPR), another noninvasive laboratory marker, was first introduced by Lemoine et al^\[[@R8]\]^ to predict hepatic fibrosis in patients with CHB in West Africa and showed good accuracy. A later study from China confirmed the reliability of GPR in predicting hepatic fibrosis in CHB patients in China.^\[[@R9]\]^ Because liver cirrhosis is a well-known risk factor for HBV-related HCC,^\[[@R10],[@R11]\]^ a study from Korea investigated the longitudinal value of the FIB-4 index and reported that it may be a good indicator to predict hepatocarcinogenesis in CHB patients.^\[[@R12]\]^ Recently, another report from Korea suggested that GPR can serve as a good noninvasive predicator of hepatocarcinogenesis in CHB patients in Korea.^\[[@R13]\]^

However, the predictive performance of GPR and the FIB-4 index on HCC development has not been validated in elderly patients with CHB. Aging has been widely accepted as a significant risk factor for various malignancies, including HCC.^\[[@R14],[@R15]\]^ In addition, aging is a well-known factor associated with chronic changes in liver sinusoidal function and various transforms of each hepatic cell type.^\[[@R16]\]^ Moreover, although the prevalence of hepatitis B virus (HBV) infection has declined in adolescents and young adults due to the implementation of universal infant vaccination policy since 1992, the HCC incidence in the elderly may not taper off in the near future.^\[[@R4],[@R14],[@R15],[@R17]\]^ Thus, an effective tool to predict HBV-related HCC incidence risk in elderly CHB patients is warranted.

The aim of current research is to evaluate the predictive value of GPR and the FIB-4 index on HBV-related HCC incidence risk in elderly CHB patients with in China.

2. Methods
==========

2.1. Patients
-------------

Between January 2007 and December 2016, civil servants older than 60 years who had access to free routine physical examinations covered by the government who were diagnosed with CHB at the Physical Examination Center, West China Hospital of Sichuan University, were recruited. CHB was defined as the persistent presence of serum HBsAg for \>6 months. Patients lacking clinical data were excluded. Patients who met the following exclusion criteria were also excluded: coinfection with hepatitis C virus or human immunodeficiency virus; alcohol intake ≥80 g/day^\[[@R18]\]^; history of HCC or diagnosed with HCC at enrollment; and HBV DNA copy \>10^3^ cells/mL or having an antiviral therapy history or developed decompensated liver cirrhosis. Patients with HBV DNA copy \>10^3^ cells/mL or with a history of antiviral therapy history or with decompensated liver cirrhosis were transferred to the infectious disease department for further management. The Ethics Committee of West China Hospital, Sichuan University approved this study, written informed consent was waived because this was a retrospective study, and all participants were anonymous.

2.2. Clinical data and assessments
----------------------------------

Detailed demographic data and medical history were collected at enrollment. The initial assessment included blood biochemical examination, routine blood examination, serum HBV DNA level, alpha fetoprotein (AFP) level, and abdominal ultrasound findings. Biochemical examination was performed by electrochemiluminescence detection of an immunoassay using a Roche Cobas modular p800 automatic biochemical analyzer, whereas AFP level was detected by an electrochemiluminescence immunoassay using a Roche E170 modular analytics immunoassay analyzer. Liver cirrhosis was clinically diagnosed if patients met the following criteria: PLT count \<100 × 109/L and manifestation of liver regenerative nodules, congestive splenomegaly or ascites on abdominal ultrasonography; evidence of portal hypertension.

2.3. GPR and FIB-4 index calculation
------------------------------------

Noninvasive indices were calculated based on the formulas in previous reports^\[[@R5],[@R8]\]^ as follows: FIB-4 = (age \[years\] × AST \[IU/L\])/(\[PLT count {10^9^ cells/L} ×ALT {IU/L}\]^1/2^) and GPR = GGT (IU/L)/PLT count (10^9^ cells/L) × 100. All these markers were measured at enrollment.

2.4. HCC surveillance and follow-up
-----------------------------------

After enrollment, all patients were regularly followed up every ≥6 months frequently if clinically needed. Abdominal ultrasonography and blood tests, including liver function tests and AFP levels, were performed at each follow-up. For any subject with a positive finding for AFP level (≥100 ng/mL) or abdominal ultrasound, enhanced contrast ultrasound or computed tomography (CT)/magnetic resonance imaging was conducted immediately. The HCC diagnosis was based on pathology or noninvasive criteria according to the Guidelines for Diagnosis and Treatment of Primary Liver Cancer in China (2017 Edition).^\[[@R19]\]^ The follow-up duration was defined as the interval between enrollment and diagnosis of HCC or the interval between enrollment and last follow-up for patients without HCC development.

2.5. Statistical analysis
-------------------------

Data are expressed as the median (interquartile range \[IQR\]) or number (%) as appropriate. Receiver-operating characteristic (ROC) curve analysis of GPR and the FIB-4 index to predict HCC development at the 5-year time point (approximately two-thirds of patients achieved this duration of follow-up) was carried out. The cutoff point with the maximized sum of specificity and sensitivity was defined as the optimal cutoff point. Cumulative HCC incidence rates were calculated by the Kaplan--Meier method and compared by the log-rank test. Potential risk factors for HCC development include but not limited to increasing age, male sex, underlying diseases, advanced liver fibrosis or cirrhosis, and HBeAg positivity. To determine which factors were independent predictors of subsequent HCC development, variables with a *P* \< .05 in the univariate analyses were entered into the multivariate Cox proportional hazard regression analysis, with hazard ratios (HRs) and 95% confidence intervals (CIs) calculated. The time-dependent ROC curve analysis was carried out to evaluate the predictive performance.^\[[@R20]\]^ Area under curve (AUC) values were calculated. The AUC values were compared using the method of DeLong et al.^\[[@R21]\]^ SPSS statistical software (SPSS Standard version 22.0; Chicago, IL) and R 3.6.1 software (Institute of Statistics and Mathematics, Vienna, Austria) were used to perform all statistical analyses. A significant difference was considered if the *P* value from a 2-tailed test was \<.05.

3. Result
=========

3.1. Baseline characteristics
-----------------------------

Patient selection inflows are shown in Figure [1](#F1){ref-type="fig"}. Overall, a total of 1011 patients, including 667 men and 344 women, were included in this study for statistical analysis. The baseline characteristics of all elderly CHB patients who were included are listed in Table [1](#T1){ref-type="table"}. The median age of the entire study population was 67 (IQR, 64--73) years. At enrollment, 171 patients (16.9%) had diabetes mellitus (DM), 247 patients (24.4%) had hypertension, and 316 patients (31.3%) were clinically diagnosed with liver cirrhosis based on the principles mentioned above. All patients exhibited preserved Child-Pugh class A liver function at enrollment. The median GPR and FIB-4 index values were 0.14 (IQR, 0.09--0.23) and 2.29 (IQR, 1.72--3.19), respectively.

![Patient selection flow chart. CHB = chronic hepatitis B; HCC = hepatocellular carcinoma, HCV = hepatitis C virus.](medi-98-e18319-g001){#F1}
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Baseline characteristics at enrollment (n = 1011).
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3.2. ROC analyses for selecting the optimal cutoff values for GPR and the FIB-4 index
-------------------------------------------------------------------------------------

HCC incidence at the 5-year time point (approximately two-thirds of patients achieved this duration of follow-up) was used for ROC analyses, and the cutoff point with the maximized sum of specificity and sensitivity was defined as the optimal cutoff point. The optimal cutoff point for GPR was 0.23 (AUC value = 0.725; sensitivity, 74.1%; and specificity, 76.8%), and the optimal cutoff point for the FIB-4 index was 4.15 (AUC value = 0.549; sensitivity, 29.6%; and specificity, 87.0%). Thus, we divided patients with GPR \>0.23 into the high GPR group (n = 243) and patients with GPR \<0.23 into the low-GPR group (n = 768). Similarly, patients with an FIB-4 index \>4.15 were divided into the high FIB-4 index group (n = 125), and patients with an FIB-4 index \<4.15 were divided into the low FIB-4 index group (n = 886).

3.3. Cumulative HCC incidence rate
----------------------------------

After a median follow-up of 6.8 (IQR 3.9--8.4) years, 39 (3.9%) patients developed HCC. In the whole cohort, the 1-, 3-, 5-, and 7-year cumulative incidences of HCC were 0.4%, 1.9%, 3.0%, and 4.2%, respectively (Fig. [2](#F2){ref-type="fig"}A). Cumulative incidence rates of HCC in the different subgroups based on GPR and FIB-4 index cutoff values were analyzed. Significantly different cumulative incidences of HCC were identified among the patients who were categorized by low and high GPR and FIB-4 index values. Regarding GPR, the 1-, 3-, 5-, and 7-year cumulative incidences of HCC were 1.2%, 6.1%, 8.8%, and 12.4%, respectively, in the high GPR group and 0.1%, 0.5%, 1.2%, and 1.6%, respectively, in the low GPR group (*P* \< .001) (Fig. [2](#F2){ref-type="fig"}B). For the FIB-4 index subgroups, the 1-, 3-, 5-, and 7-year cumulative incidences of HCC were 1.6%, 5.8%, 6.9%, and 10.2%, respectively, in the high FIB-4 group and 0.2%, 1.3%, 2.4%, and 3.3%, respectively, in the low FIB-4 group (*P* = .001) (Fig. [2](#F2){ref-type="fig"}C).

![Cumulative hepatocellular carcinoma incidence rate. (A) Cumulative HCC incidence rate for all patients, (B) cumulative HCC incidence rate for different GPR groups, (C) cumulative HCC incidence rate for different FIB-4 index groups. FIB-4 = fibrosis-4, GPR = gamma-glutamyl transpeptidase-to-platelet ratio, HCC = hepatocellular carcinoma.](medi-98-e18319-g003){#F2}

3.4. Univariate and multivariate analyses to detect the risk factors for HCC development
----------------------------------------------------------------------------------------

The results of the univariate and multivariate analyses for HCC risk factors are listed in Table [2](#T2){ref-type="table"}. The following factors were found to be related to HCC incidence in the univariate analyses: DM, total bilirubin level, serum albumin level, AFP level, GGT level, and clinically diagnosed liver cirrhosis; HCC development was also related to GPR \>0.23 and an FIB-4 index \>4.15. Further multivariate analysis was based on the 8 factors with *P* \< .05 in the univariate analyses. Serum albumin level (HR 0.843; 95% CI 0.778--0.913; *P* \< .001), AFP level (HR 1.001; 95% CI 1.001--1.002; *P* \< .001), clinically diagnosed liver cirrhosis (HR 9.586; 95% CI 3.705--24.803; *P* \< .001), and GPR \>0.23 (HR 4.224; 95% CI 1.891--9.434, *P* \< .001) were found to be independent risk factors correlated with HCC development.

###### 

Univariate and multivariate analyses to detect risk factors for HCC development.
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3.5. Comparison of the predictive performance between GPR and the FIB-4 index on HCC development
------------------------------------------------------------------------------------------------

During the follow-up of up to 10 years, the numbers of HCC cases were 4 (in 1007) at 1 year, 18 (in 842) at 3 years, 27 (in 676) at 5 years, and 35 (in 442) at 7 years. Time-dependent ROC analysis for GPR and the FIB-4 index to predict HCC development were analyzed and are shown in Figure [3](#F3){ref-type="fig"}. The AUC values of GPR and the FIB-4 index to predict HCC development in all patients at different time points are listed in Table [3](#T3){ref-type="table"} and shown in Figure [4](#F4){ref-type="fig"}A. GPR showed higher AUC values than the FIB-4 index did at all time points and reached statistical significance at the 5-, 7-, and 10-year time points (GPR vs FIB-4 index, AUC 0.725 vs 0.549 at 5 years, *P* = .005; GPR vs FIB-4 index, AUC 0.733 vs 0.578 at 7 years, *P* = .001; GPR vs FIB-4 index, AUC 0.837 vs 0.475 at 10 years, *P* \< .001).

![Time-dependent ROC curves for GPR and the FIB-4 index to predict hepatocellular carcinoma development. (A) Receiver-operating characteristic (ROC) curve for GPR and the FIB-4 index at the 1-year time point, (B) ROC curve for GPR and the FIB-4 index at the 3-year time point, (C) ROC curve for GPR and the FIB-4 index at the 5-year time point, (D) ROC curve for GPR and the FIB-4 index at 7-year time point, (E) ROC curve for GPR and the FIB-4 index at 10-year time point. FIB-4 = fibrosis-4, GPR = gamma-glutamyl transpeptidase-to-platelet ratio.](medi-98-e18319-g005){#F3}
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AUC values of GPR and the FIB-4 index to predict HCC development in all patients at different time points.
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![Area under the curve (AUC) values of GPR and the FIB-4 index to predict HCC development. (A) AUC values of GPR and the FIB-4 index to predict hepatocellular carcinoma (HCC) development for all patients (n = 1011), (B) AUC values of GPR and the FIB-4 index to predict HCC development for patients with cirrhosis (n = 316), (C) AUC values of GPR and the FIB-4 index to predict HCC development for patients without cirrhosis (n = 695). AUROC = area under receiver-operating characteristic curve, FIB-4 = fibrosis-4, GPR = gamma-glutamyl transpeptidase-to-platelet ratio.](medi-98-e18319-g007){#F4}

3.6. Comparison of the predictive accuracy of HCC development in patients with and without liver cirrhosis between GPR and the FIB-4 index
------------------------------------------------------------------------------------------------------------------------------------------

Given the highest HR among all risk factors and the well-known relationship with HCC carcinogenesis, liver cirrhosis was further considered in the subgroup analysis. To confirm the predictive performance of GPR and the FIB-4 index in patients with/without liver cirrhosis, time-dependent ROC analyses of GPR and the FIB-4 index were carried out. The results of time-dependent ROC analyses of GPR and the FIB-4 index in patients with liver cirrhosis (n = 316) are listed in Table [4](#T4){ref-type="table"} and shown in Figure [4](#F4){ref-type="fig"}B. The AUC values of GPR to predict HCC development were higher than those of the FIB-4 index at every time point. Moreover, the results of the time-dependent ROC analyses of GPR and the FIB-4 index in patients without liver cirrhosis (n = 695) are shown in Table [4](#T4){ref-type="table"} and Figure [4](#F4){ref-type="fig"}C. The AUC values of GPR to predict HCC development were higher than those of the FIB-4 index at all time points.

###### 

AUC values of GPR and the FIB-4 index to predict HCC development in patients with/without cirrhosis.
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4. Discussion
=============

Although previous reports demonstrated that noninvasive markers could be used to assess the risk of HCC development in patients with CHB,^\[[@R12],[@R13],[@R22]--[@R25]\]^ the predicted values of GPR and the FIB-4 index have not been validated in elderly patients with CHB. The aim of the current study was to evaluate the predictive values of GPR and the FIB-4 index on HBV-related HCC incidence risk in elderly patients with CHB in China. To the best of our knowledge, this is the first study focusing on the predicted values of GPR and the FIB-4 index on HCC incidence in elderly patients with CHB. To guarantee a homogeneous population, the current study only included civil servants who had access to free routine physical examinations covered by the government. Focusing on the civil servant population was expected to reduce confounding effects caused by different social statuses, lifestyles, and education levels, which may possibly affect the risk of malignancy.^\[[@R26]\]^ In addition, the follow-up period (median 6.8 years, IQR 3.9--8.4 years) was relatively longer in our study than in previous studies.^\[[@R13],[@R22],[@R25]\]^

Patients with HBV DNA copy \>10^3^ cells/mL or having a history of antiviral therapy, deemed as a population with a high risk of HCC incidence, were excluded from the final cohort. As expected, the 5-year cumulative HCC incidence rates were lower (3.0% for all patients with CHB, 7.8% for patients with hepatic cirrhosis, and 0.8% for patients without hepatic cirrhosis) than those in a previous study.^\[[@R27]\]^ However, the 5-year cumulative HCC incidence in the current study was still lower than that in another study focused on CHB patients with low-level viremia from Korea, which reported that the cumulative HCC incidence at 5 years was 13.9% for patients with hepatic cirrhosis and 2.0% for patients without hepatic cirrhosis.^\[[@R25]\]^ The differences in baseline characteristics, ethic characteristics, and HBV-DNA genotypes may account for the morbidity difference.^\[[@R11],[@R28],[@R29]\]^

Park et al^\[[@R13]\]^ studied 1109 CHB patients and reported that GPR can serve as a good noninvasive predicator for the risk of HCC development in CHB patients. Consistent with their study, the results from our study suggest that GPR can be a good predictor for HCC development in elderly CHB patients in China. Given that high GPR can predict advanced liver fibrosis,^\[[@R8],[@R9],[@R30],[@R31]\]^ this result is not surprising because liver cirrhosis is one of the most significant factors related to HCC development in CHB patients.^\[[@R10],[@R11]\]^ Optimal cutoff points of GPR and the FIB-4 index were determined based on ROC analyses to predict HCC development at the 5-year time point. Patients who harbored low and high GPR values and FIB-4 indices showed significantly different cumulative incidences of HCC. Furthermore, the multivariate analysis revealed that high GPR was an independent risk factor for HCC development, whereas a high FIB-4 index was not (Table [2](#T2){ref-type="table"}). Moreover, our study compared the prediction performance between GPR and the FIB-4 index based on time-dependent ROC analyses. The results showed that the prediction performance of GPR was superior to that of the FIB-4 index for all elderly CHB patients included in our study at every study time point, and GPR maintained its superiority in the subgroup analyses according to patients with and without cirrhosis (Fig. [4](#F4){ref-type="fig"}).

It is worth noting that the median FIB-4 index of the current study population was 2.19 (IQR 1.73--3.19), which is higher than the value of 1.62 (IQR 1.02--2.72) in Park et al\'s.^\[[@R13]\]^ In addition, the optimal cutoff point of the FIB-4 index was 4.15 in our study, which was higher than that in a previous similar study (3.66) reported by Nishikawa et al.^\[[@R22]\]^ One possible explanation may be that the cirrhosis rate (31.6%) was higher in our study than in previous studies (18.6% in Park et al\'s ^\[[@R13]\]^ study and 26.9% in Nishikawa et al\'s ^\[[@R22]\]^ study). More importantly, focusing on elderly CHB patients may have resulted in a higher FIB-4 index in our study because the FIB-4 index is calculated based on age, ALT level, AST level, and PLT count. Furthermore, the FIB-4 index, which has been reported a useful predictor associated with HCC development in patients with CHB in many previous studies,^\[[@R12],[@R22],[@R24],[@R32]\]^ showed a poor predictive performance in elderly CHB patients in our study. One reasonable explanation may be that our study included only elderly CHB patients, and the narrowed age differential in the current study made FIB-4 less heterogeneous among our study population and affected the predictive value of FIB-4 on HCC development. This issue of the FIB-4 index was also proposed by Kurosaki and Izumi,^\[[@R33]\]^ who found that the FIB-4 index displays satisfactory diagnostic value in identifying advanced fibrosis among young Japanese CHC patients; however, the diagnostic value is limited in elderly Japanese CHC patients. In general, our findings indicate that the FIB-4 index may display a different predictive value in the elderly population and may need to be modified to adapt to different age groups. Recently, Wang et al^\[[@R34]\]^ proposed a new noninvasive index called the modified FIB-4 index (mFIB-4), and mFIB-4 showed better predictive performance than that of FIB-4 in predicting the risk of HCC in their retrospective study of 1325 CHB patients in Taiwan. However, the median follow-up of their study was only 4.1 years, and they included only CHB patients who received entecavir therapy; thus, the generalizability of their results needs further research.

The presence of liver cirrhosis and AFP levels proved to be associated with HCC development in many studies.^\[[@R11],[@R13],[@R22]\]^ In the multivariate analysis, our study confirmed that they were independent risk factors correlated with HCC development in elderly CHB patients. However, older age, a widely accepted risk factor for HCC development in previous studies, was not a significant predictor of HCC development in our study. Indeed, in the elderly CHB patient subgroup, which has more subtle differences in age, biological age rather than chronological age may play a larger role in carcinogenesis.^\[[@R35]\]^ In addition, DM has been reported to be a risk factor associated with HCC development in CHB patients.^\[[@R18],[@R32],[@R34],[@R36]\]^ However, DM was not a significant factor in the multivariate analysis in our study. Considering the retrospective nature of our study, the duration of DM in our study subjects was difficult to assess accurately. Thus, the cumulative effect of hyperglycemia on HCC development was difficult to evaluate, and the potential relationship between DM and HCC development may be underestimated. Further well-designed studies are needed to illuminate the relationship between DM and HCC.

There are several limitations in the current study. First, this is a retrospective study, and our study population consisted of elderly civil servants who had access to free routine physical examinations. There might be selection bias involved, and a well-designed prospective study might still be required. Second, we focused on only elderly CHB patients with HBV DNA copy \<10^3^ cells/mL who had no history of antiviral therapy. This patient population may restrict the generalizability of our results. Whether our results can be applied to CHB patients with high-level viremia or those receiving antiviral therapy needs further research. Third, histological evaluation and liver stiffness measurement data were scarce in our study, and liver cirrhosis is mainly clinically diagnosed by ultrasonography, which is operator-dependent. Because ultrasonography measurement errors were independent and nondifferential, ultrasonography may underestimate the correlation between liver cirrhosis and HCC incidence. Despite the aforementioned limitations, the current study has significant clinical value. To the best of our knowledge, this is the first study focusing on the longitudinal values of GPR and the FIB-4 index on HCC incidence in mainland China, and the first study evaluated the predictive values of GPR and the FIB-4 index on HCC development in elderly CHB patients.

In conclusion, we suggest that GPR is superior than the FIB-4 index in predicting HCC development in elderly CHB patients in China. Thus, elderly CHB patients harboring high GPR values should be more carefully monitored for the development of HCC. Further well-designed prospective studies should be performed to confirm our results.
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